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CO-ORDINATED INHIBITION OF PLANT GENE EXPRESSION 

This invention relates to novel DNA constructs, plant 
cells containing the constructs and plants derived 
therefrom. In particular it involves the use of 
recombinant DNA technology to control, and more 
specifically to inhibit, the expression of two or more 
genes in plants. 

Plant development is a complex physiological and 
biochemical process requiring the co-ordinated expression 
of many genes. The production of new plant varieties with 
improved agricultural or commercial qualities can be 
achieved by modifying this co-ordinated pattern of gene 
expression. Such modifications have been achieved by 
conventional plant breeding techniques. However, the exact 
changes in gene expression that result in the production of 
the improved variety have not been readily characterised. 
More recently, recombinant DNA techniques have been used to 
modify the expression patterns of individual, specific 
plant genes without directly affecting the expression of 
other plant genes. in this way, the expression pattern of 
an individual gene can be either enhanced or inhibited 
either in the whole plant or in specific tissues or 
developmental stages. 

The inhibition of specific individual plant genes has 
been achieved by the introduction into the plant of novel 
genes designed to express RNA homologous, in part, to the 
endogenous plant gene. In several cases, it has been 
demonstrated that expression of the target gene can be 
inhibited by two different strategies. These involve the 
introduction of specific genes designed to express either 
antisense or sense RNA. A typical example is the down- 
regulation of the gene encoding the tomato fruit cell wall 
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enzyme , polygalacturonase, by the expression of either 
antisense RNA (Smith et al 1988 Nature 344, 724-726) or 
sense RNA (Smith et al 1990 Mol Gen Genet 224, 477-481). A 
further example is the down-regulation of the gene encoding 
chalcone synthase in petunia by either sense or antisense 
RNA. 

The mechanisms by which the expression of a specific 
gene is inhibited by either antisense or sense RNA genes 
are not clearly understood. It has been proposed that 
RNA— RNA duplex molecules may be formed within the cells 
resulting in the inhibition of expression. However, other 
and perhaps different, mechanisms may operate for the two 
strategies for down-regulation. Specific individual genes 
have been inhibited by greater than 99% by the two 
strategies independently. 

9 

According to the present invention, we provide a 
process for the inhibition of two or more target genes 
which comprises introducing into the plant a single control 
gene which has distinct DNA regions homologous to each of 
the target genes and a promoter operative in plants adapted 
to transcribe from such distinct regions RNA that inhibits 
expression of the target genes. The distinct DNA regions 
homologous to each of the target genes may be either sense 
or antisense strands. This invention can be used to 
generate plants with the combined benefits of 
down-regulation of several individual genes or families of 
related genes. 

The present invention further provides DNA constructs 
containing a plant promoter positioned to transcribe an RNA 
strand from at least two distinct DNA regions homologous to 
DNA from each of at least two target genes. The distinct 
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DNA regions may be joined sequentially or separated by a 
spacer region (preferably relatively short) provided such 
spacer region does not contain a transcription stop signal 
The RNA transcribed from this single gene will contain 
regions homologous to the RNA transcribed from the two or 
more target genes. 

The present invention further comprises novel cells 
and plants adapted to carry out the process of the 
invention, or which (or ancestors of which) have been 
transformed with the constructs of the invention. 

The use of DNA constructs according to the invention 
offers several advantages over alternative, more complex 
methods of generating plants expressing homologous RNA to 
two or more individual target genes: 

1. Plants can be generated from a single round of 
transformation thereby eliminating the extra time and 
complexity of multiple rounds of transformation. 

2. The use of a single gene will ensure that RNA 
homologous to the two or more target genes is transcribed 
at the same rate. Otherwise, multiple individual 
homologous genes located in a single construct may have 
different transcription rates in transformed plants. 

3. The segregation patterns of a single, multiple- 
function gene in progeny of a transformed plant will be 
simpler than the segregation patterns of multiple, single- 
function genes that have been combined in the same plant, 
either by sexual crossing or multiple transformation. Thi 
will have significant benefits for subsequent plant 
breeding. 
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The genes to which the present invention can be 
applied include all plant genes for. which there is an 
advantage in down-regulating their activity. In particular 
the invention can be applied to genes involved in fruit 
development or ripening-related processes of commercially 
important fruit-bearing plants, in particular tomato. 
These could involve combinations of any of the genes 
encoding: cell wall hydrolases (eg. polygalacturonase, 
pectin esterase, 0-(l- 4)glucanase (cellulase), 
g-galactanase. ( p-galactosidase) ) ; ethylene biosynthetic 
enzymes (eg 1-aminocyclopropane-l-carboxylate synthase, 
ethylene-f orming enzyme); carotenoid biosynthetic enzymes 
(eg prephytoene or phytoene synthase, phytoene desaturase). 
In addition to. genes encoding known enzymes, other genes 
(eg those showing homology to: pTOK36, pTOM38, pTOM66, 
pTOM75, pTOM99, pT0M136) with ripening enhanced expression 
have been identified and may be used in combination with 
any of the other genes. 

DNA constructs according to the invention preferably 
comprise a base sequence at least 10 bases in length for 
each of the unrelated target genes for transcription into 
RNA. There is no theoretical upper limit to the base 
sequence for each homologous sequence - it may be as long 
as the relevant mRNA produced by the cell - but for 
convenience it will generally be found suitable to use 
sequences between 100 and 1000 bases in length. There is 
no theoretical limit to the length of the region separating 
the homologous sequences. The preparation of such 
constructs is described in more detail below. 

The preferred DNA for use in the present invention is 
DNA derived from cDNA or genomic DNA of the target genes. 
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The required homologous DNA can be obtained in several 
ways: by cutting with restriction enzymes an appropriate 
sequence of such DNA; by synthesising a DNA fragment using - 
synthetic oligonucleotides which are annealed and then 
ligated together in such a way as to give suitable 
restriction sites at each end; by using synthetic 
oligonucleotides in a polymerase chain reaction (PCR) to 
generate the required fragment with suitable restriction 
sites at each end. The DNA fragments from each of the 
unrelated target genes is then either ligated together 
prior to cloning or cloned sequentially into a vector 
containing upstream promoter and downstream terminator 
sequences . 

Recombinant DNA and vectors according to the present 
invention may be made as follows. Suitable vectors 
containing the desired base sequences for transcription are 
treated with restriction enzymes to cut the sequences out. 
The DNA strands so obtained are cloned either 
simultaneously or sequentially into a second vector 
containing the desired promoter sequence ( for example 
cauliflower mosaic virus 35s RNA promoter or the tomato 
polygalacturonase gene promoter sequence - Bird et al., 
Plant Molecular Biology, 11, 651- 662, 1988) and the 
desired terminator sequence (for example the 3 r of the 
Agrobacterium tumefaciens nopaline synthase gene, the nos 
3' end). 

According to the invention we propose to use both 
constitutive promoters (such as cauliflower mosaic virus 
35S RNA) and inducible or developmentally regulated 
promoters (such as the ripe-fruit-specific 

polygalacturonase promoter) as circumstances require. Use 
of a constitutive promoter will tend to affect functions in 
all parts of the plant: while by using a tissue specific 
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promoter, functions may be controlled more selectively. 
Thus in applying the invention, e.g. to tomatoes, it may 
be found convenient to use the promoter of the PG gene 
(Bird.et al, 1988, cited above), use of this promoter, at 
least in tomatoes, has the advantage that the production of 
homologous RNA is under the control of a ripening-specific 
promoter. Thus the homologous RNA is only produced in the 
organ in which its action is required, other 
ripening-specific promoters that could be used include the 
E8 promoter (Diekman & Fischer, 1988 cited above). 

Vectors according to the invention may be used to 
transform plants as desired, to make plants according to 
the invention. Dicotyledonous plants, such as tomato and 
melon, may be transformed by Agrobacterium Ti plasmid 
technology, for example as described by Bevan (1984) 
Nucleic Acid Research, 12, 8711-8721. The process may also 
be adapted for use with other techniques for generating 
transgenic plants. Such transformed plants may be 
reproduced sexually, or by cell or tissue culture. 

The degree of production of homologous RNA in the 
plant cells can be controlled by suitable choice of 
promoter sequences, or by selecting the number of copies, 
or the site of integration, of the DNA sequences according 
to the invention that are introduced into the plant genome. 
In this way it may be possible to modify expression of the 
target genes to a greater or lesser extent. 

The constructs of our invention may be used to 
transform cells of both monocotyledonous and dicotyledonous 
plants in various ways known to the art. In many cases 
such plant cells (particularly when they are cells of 
dicotyledonous plants). may be cultured to regenerate whole 
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plants which subsequently reproduce to give successive 
generations of genetically modified plants. Examples of 
genetically modified plants according to the present 
invention include, as well as tomatoes, fruiting plants 
such as mangoes, peaches, apples, pears, strawberries, 
bananas and melons. 

The specific embodiment of the invention that we have 
so far studied most thoroughly is the inhibition of both 
polygalacturonase and pectin esterase in ripening tomatoes. 
Modified tomato plants have been produced which contain a 
novel gene designed to express RNA with regions 
individually homologous to the tomato PG and PE genes. 
Fruit from some of the primary transf ormants have 
significant reductions of both PG and PE activity in the 
ripening fruit. This reduced enzyme activity is stably 
inherited as a single, gene in progeny of the primary 
transf ormants. Plants such as these exhibit the combined 
benefits of reduced PG and PE activity and will be useful 
in the production of tomatoes with improved quality for 
fresh market and processed fruit. 

The invention will now be described further with 
reference to the accompanying drawings, in which: 

Figure 1 shows the structure of the PG-PE sense 
gene in pPGPE; 

Figure 2 is a diagram of the strategy for 
construction of the PG-PE antisense gene in pJFl; 

Figure 3 is a graph of PG and PE activities in 
fruit from a tomato plant transformed with pPGPE ( "dpb" - 
"days post breaker"); 

Figure 4 shows PG and PE activity in fruit from 28 
tomato plants transformed with a pe-pg sense construct; 

Figure 5 shows PG and PE activity in fruit from 32 
tomato plants transformed with a PE-PG antisense construct. 
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Example 1 

Construction of combined PG-PE sense gene 

A PG-PE sense gene was constructed by cloning bases 
19 to 263 of the PG cDNA (pT0M6 - Grierson et al 1986 Nuc. 
Acids Res. 14, 8595- 8603) and bases 345 to 1665 of the PE 
cDNA (pPEl - Ray et al 1988 Eur. J. Biochem 174 , 119-124) 
into the multiple cloning site of the vector pDH51. pDHSl 
is a pUC based vector which contains a multiple cloning 
site between the CaMV 35S promoter sequence and the CaMV 3 r 
polyadenylation sequence. The orientation of the PG and PE 
sequences was determined by restriction mapping and DNA 
sequence determination of the borders of the inserted 
fragments. After verification of the structure of the 
vector, the expression module was isolated by digestion 
with pvull and transferred to the plant transformation 
vector Binl9 (Bevan 1984 Nuc. Acids Res. 12, 8711-8721) to 
give the vector pPGPE (also known as pSBl). 

Example 2 

Construction of combined PG-PE anti sense gene 
A PG-PE antisense vector (PJF1) was constructed as 
shown in figure 2. A 686 bp EcoRI-Xbal fragment from pPBX 
that contained the CaMV 35S promoter sequence and the first 
150 bases from the 5' end of the PG cDNA (pTOM6) was 
isolated. The fragment was cloned into the EcoRI-Xbal 
sites of the PE antisense vector pJRIOlARi after removal of 
the CaMV 35S promoter sequence. The construction of the 
vector was confirmed by PCR and DNA sequence analysis. 

Example 3 
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Generation of transformed tomato plants 

Vectors from Example 1 were transferred to 
Agrobacterium tumefaciens LBA4404 (a micro-organism widely 
available to plant biotechnologists ) and were used to 
transform tomato plants. Transformation of tomato stem 
segments followed standard protocols (e.g. Bird et al 
Plant Molecular Biology 11, 651-662, 1988). Transformed 
plants were identified by their ability to grow on media 
containing the antibiotic kanamycin. Plants were 
regenerated, grown to maturity and the presence of the 
PG-FE sense gene was confirmed by genomic Southern 
analysis. 

Example 4 

Analysis of fruit from transformed plants 

The PG and PE activities were assayed in ripening 
fruit from 3 plants transformed with pPGPE and several 
un-modified plants. The PG and PE activity was reduced by 
various extents in the fruit from all three transformed 
plants. The results for fruit from one of the transformed 
plants are shown in Figure 3. 

Example 5 

Analysis of progeny of transformed plants 

Self-fertilised seed from the pFGPE-transf ormed plant 
with the greatest reductions in PG and PE activities were 
germinated in the presence of kanamycin. Plants that were 
resistant to kanamycin were grown to maturity and enzyme 
activities in the fruit were analysed. These plants also 
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had reduced PG and PE activity. Thus, the inheritance of 
the reduced PG and PE phenotype was confirmed. 

EXAMPLE 6 

The sense construct pSBl prepared in Example 2 was used to 
transform tomatoes of the variety UC8 2B , using the same 
protocol as in Example 3. Transf ormants were grown in the 
glasshouse. PG and PE enzyme activities were assayed in 
ripe fruit* Fruit from the first 28 plants to mature were 
analysed. The results are presented graphically in Figure 
4, ranked in order of decreasing PG level. These results 
confirm that plants with substantial reductions in both PG 
and PE activity were obtained from the population of 
transf ormants. In all plants with significantly reduced 
activity of one enzyme, the other was also reduced. Thus 
the sense down- regulation of the two genes was tightly 
linked. 

EXAMPLE 7 

Expression of genes in plants containing sense constructs. 

Selfed progeny were grown from two primary 
transf ormants obtained from Example 3 with single sites of 
insertion (E148C11 - PG expression 10% that of normal 
fruit, PE expression 20% normal: E143C44 - PG expression 5% 
normal, PE expression 16% normal). Stable inheritance of 
the double sense gene was confirmed by genomic Southern 
analysis. Homozygous and azygous progeny were identified. 
Assays of ripe fruit PG and PE activities confirmed that 
the low PG and PE phenotype segregated with the sense gene: 

PG activity PE activity 
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1 108 
34 307 

2.5 98 
34 480 

(all nmol/hr///g protein) 

EXAMPLE 8 

Expression of genes in plants containing antisense 
constructs 

68 Transf ormants with pJFl (from Example 2) in were 
generated in the tomato variety UC82B . PG and PE enzyme 
activities were assayed in ripe fruit. Fruit from the 
first 32 plants to mature were analysed. Untransf ormed 
UC82B is included as a control. The results are presented 
graphically in Figure 5, ranked in order of decreasing PG 
level. As with the sense plants, reduced activities of the 
two enzymes were tightly linked. 

This data confirms the utility of the antisense construct 
pJFl (Example 2). 

Analysis of selfed progeny confirms that both the : 
antisense gene and the reduced PG/PE phenotype are 
inherited. 



E143C44.16 
E143C44.30 

E148C11.1 
E148C11.25 



Homozygous 
Azygous 

Homozygous 
Azygous 
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We claim: 

1. A process for the inhibition of two or more target 
genes which comprises introducing into the plant a single 
control gene which has distinct DNA regions homologous to 
each of the target genes and a promoter operative in plants 
adapted to transcribe from such distinct regions RNA that 
inhibits expression of each of the target genes. 

2. A process as claimed in claim 1 in which at least one 
of the DNA regions homologous to a target gene is adapted 
to produce sense RNA, 

3. A process as claimed in claim 1 in which at least one 
of the DNA regions homologous to a target gene is adapted 
to produce antisense RNA. 

4. A process as claimed in claim 1 in which the promoter 
is a constitutive promoter. 

5. A process as claimed in claim 1 in which the promoter 
is an inducible promoter. 

6. DNA constructs useful in the process of claim 1 
containing a plant promoter positioned to transcribe an RNA 
strand from at least two distinct DNA regions homologous to 
DNA from each of at least two target genes. 

7. A DNA construct as claimed in claim 6 in which at least 
one of the DNA regions homologous to a target gene is 
adapted to produce sense RNA. 

8. A DNA construct as claimed in claim 6 in which at least 
one of the DNA regions homologous to a target gene is. 
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adapted to produce antisense RNA. 

9. A DNA construct as claimed in claim 6 in which the 
target genes are fruit ripening genes. 

10. A DNA construct as claimed in claim 6 in which one of 
the target genes is a polygalacturonase or pectinesterase 
gene • 

11. A plant cell transformed with a construct claimed in 
claim 6. 

12. Plant cells claimed in claim 11 which are cells of 
tomato. 

13. Plant cells claimed in claim 11 which are cells of 
mangoes, peaches, apples, pears, bananas, melons or 
strawberries. 

14. Plants containing cells claimed in either of claims 1 
and 12. 

15. Fruit or seeds of plants claimed in either of claims 
13 or 14. 

16. Tomato seeds as claimed in claim 15. 



17. Tomato fruit as claimed in claim 17. 
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FIG. 2 (i/2) 

Construction of PG-PE antisense gene in pJF1 



EcoRI 



pPB1 



Xbal 



B!n19 






CaMV35S 
promoter 


PG cDNA 
bases 1 -150 


Nos3* 









EcoRI 



Digest EcoRI & Xbal 
Xbal 





CaMV35S 
promoter 


PGcDNA 
bases 1 -150 








CaMV 35S 
promoter 


PG CDNA 
bases 1 -150 





pJF1 



SUBSTITUTE SHEET 



WO 93/23551 



3/6 



PCT/GB93/00979 



EcoRI 



Xbal 



FIG . 2 (2/2) 

pJR101ARi 









Bin 19 


CaMV35S 
promoter 


PE cDNA 
bases 1 - 420 


Nos3* 







Xbal 



PE cDMA 
bases 1 -420 



pJFT 



Digest EcoRI & Xbal 



PE cDNA 
bases 1 - 420 



Nos3* 



Bln19 



Nos3' 



Bin 19 




^U^STiTUTE SHEET 



WO 93/23551 



5/6 



PCI7GB93/00979 



A1IAI10V Dd 



CL 
Q 

< 

O 
CL 



o 

10 



CO m 
LJJ yi 

>3 



I- 
O 
< 
LLI 
O 
< 

LLI 



CL 

o 

Z> 
CC 

co 



CO 

LLI 
CO 

o 



O 
LL 



o 



o 



CM 



± 



O 

J 



b 



..o 




o 
o 



o 

c\j 



o 
o 



o 
o 

CD 



o 

CO 



o 

CM 



A1IAI10V 3d 
SUBSTITUTE SHEET 



LS2tOCf L3 
ISltOCfrlS 
3SS08H3 
LS90Efrl3 

vsssoctaa 

LSZSOCfrl.3 

2SZC0C*13 
IS 1 13 
lS2lOCt>L3 
3SSC0CV13 

O 

IS 130 Ct 13 £Z 
Z 

VS80CW3 «J 
IS230CV13 °* 
iSOCOCfriS 
ZS£lOC*L3 

tseocf 13 
isstoc»i3 

lSCS0Cfrl3 

essoctia 

SSlCOCtl.3 
ZS/X)8fL3 

esetocM3 

l68ZOC»l3 

3S90BM3 

IS9SOCV13 



WO 93/23551 



6/6 



PCT/GB93/00979 



A1IAI10V Od 



o 



o 

CO 



o 

CM 






2 i 


i 


ui : 

go 






a 





lSt06frt3 
lS6C06frl3 
ISC106M3 
l$££36»I>3 

LSZC06M3 

2suot*i3 

lSCL0t*13 

l$Zl06f 13 

ZSS0ZS13 

LS606»13 

tS620trtl3 

LS8106M3 

3S£906*13 2 
IS94.36M3 Z 



lS0906frl3 

zstoma 

2St>0t*rl3 
IS8Z06*I3 
!S£Z38frl3 
83800 

zsrcoma 

ISI*Q6M3 
ISS£06*13 
tSSLOma 

iszzoma 



CM 



o 
o 



o 

CD 



o 
o 
to 



© 
o 



o 
o 

CM 



© 



A1IAI10V 3d 
SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT ■ 
latouttoul Application No 



PCT/GB 93/00979 



L CLASSIFICATION OP SUBJECT MATTER (if »v»xl riiwiflntinn lymbota ippl ? , UHicm HI)' 
AecDr4io(lo latasattonil Pmtat duiifieuioo <JPCJ or to betfc Nuioml CUdflcxtJon »ni IPC 



Int. CI . 5 C12N15/82; 

A01H5/00; 



C12N15/11; 
A01H5/08; 



C12N15/55; 
A01H5/10 



C12N15/56 



IL FIELDS SEARCHED 



Minimum Documentation Searched 7 



Classification System 



Qassrfieation Symbols 



Int. CI. 5 



C12N ; 



A01H 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Induded In the Fleiis Searched 1 



HL DOCUMENTS CONSIDERED TO BE RELEVANT* 



Category 1 



Otatton of Document, ** with indication, where ap propriatc, of the relevant passages 12 



Relevant to Claim No." 



EP,A,0 455 316 (INSTITUT GENEBIOLOGISCHE 
FORS CHUNG BERLIN) 
6 November 1991 

see page 15, line 29 - page 16, line 11 

EP,A,0 341 885 (ICI) 
15 November 1989 

see page 2, column 2, line 12 - line 17 

WO, A, 9 012 084 (DNA PLANT TECHNOLOGY 

CORPORATION) 

18 October 1990 

see page 13, line 7 - line 11 

W0,A,9 108 299 (ICI) 

13 June 1991 

see the whole document 



1*3,4,6, 
8,11,14 

5.9,10, 
12,15-17 

2,5,7,9, 

10,12, 

15-17 



2,7 



2.7 



* Special categories of dted documents : 10 

*A* document rfefining the general state of the art which is not 
ooasUered to be of particular relevance 

"E" earlier docuxtmt hot published on or after the Intentatioeal 
filing date 

* Lr - ??? m . ent wfaich ™*y throw ****** 00 Prt°rity clamps) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclose**, use, exhibition or 
other means 

*P* document published prior to the mternatfonal fifing data bat 
later than the priority date dalmed 



*T* huer document published after the International filing date 
or priority date and not in conflict with the application but 
deed to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the dalmed' Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other soch docu- 
ments, such combination being obvions to a person i 
in the art. 

*aY" d o c um e nt member of the same patent family 



IV. CERTIFICATION 



Da?3 of the Actaal Completion of the International Search 

26 AUGUST 1993 



Date of Mailing of this International Search Report 

2 0. 09. 93 



International Searching Authority 

EUROPEAN PATENT OFFICE 



Signature of Authorized Officer 

MADD0X A.O. 



tPCT/ZSA/UO|j 



iDtsBfttfanil AppUatfoa No 



PCT/GB 93/00979 



QL DOCUMEmS CONSIDERED TO BE RELEVANT 



(CONTINUED FROM THE SECOND SHEET ) 



Category' 



Q tattoo of DraxMct, with indication, vfam appropriate, of tftt rtlmat passages 



Rjitvaat to CUia No. 



0,A 



EP.A.O 271 988 (ICI) 

22 June 1988 

see the whole document 

EP,A,0 416 572 (HOECHST) 
13 March 1991 
see claim 10 

J. CELL. BIOCHEM. SUPPL., KEYSTONE 
SYMPOSIUM, HELD JAN. 10-17, 1991. 
vol. 15A, 1991, 
page 81 

TIEMAN, D.L., ET AL. 'Inhibition of pectin 
methyl esterase (PME) gene expression in 
transgenic tomato fruit by anti-sense RNA* 
see abstract A353 



3-5,8-17 



1,10 



10 



Wmm FCT/ISA/ttO f«tn iM) |Tw—j l«S) 



fif* 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. GB 9300979 

SA 73948 

^*°°? t j kte P«» ta*y manbere matins to the patent documents cited in the abovMxentioDed international search report. 
The members are as contained in the European Patent Office EDP file on wwai report. 

The European Patent Office is in no way liable for these particulars which are merely given ror the purpose of information. 26/08/93 



Patent rifle un tr n 1 
ched in search report 



Publication 
date 



EP-A-0455316 
EP-A-0341885 



Patent ramfly 
members) 



06-11-91 



DE-A- 4013144 



15-11-89 



AU-B- 
AU-A- 
JP-A- 



628818 
3469789 
2031625 



WO-A-9012084 



18-10-90 



US-A- 
AU-A- 
EP-A- 
JP-T- 
WO-A- 
US-A- 



5034323 
5412390 
0465572 
4504800 
9011682 
5231020 



WO-A-9108299 



13-06-91 



AU-A- 
EP-A- 
JP-T- 



6974591 
0502995 
5504056 



EP-A-0271988 



22-06-88 



AU-B- 
AU-A- 
AU-A- 
EP-A- 
JP-A- 
US-A- 



633202 
7435091 
8095687 
0532060 
63164892 
5073676 



EP-A-0416572 



13-03-91 



DE-A- 
AU-B- 
AU-A- 
CA-A- 
JP-A- 



3929741 
634575 
6218690 
2024720 
3108484 



For more decafe abort this anna : see Official Jeaml of die European Patent Office, No. 12/81 



Publication 
date 



24-10-91 



24-09-92 
16-11-89 
01-02-90 



23-07-91 
05-11-90 
15-01-92 
27-08-92 
18-10-90 
27-07-93 



26-06-91 
16-09-92 
01-07-93 



21-01-93 

11- 07-91 

12- 05-88 
17-03-93 
08-07-88 
17-12-91 



28-03-91 
25-02-93 
14-03-91 
08-03-91 
08-05-91 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



^B^MAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



P^EFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





mis pim mm 



